INTRODUCTION
Natural convection in rectangular enclosures is one of most widely analysed configurations in the heat transfer literature because of its wide relevance to a broad range of flows, such as, solar collectors, electronic cooling, and geo-physical flows. However, most analyses in this regard were carried out for Newtonian fluids (Catton et al., 1974; Ostrach, 1988; Bodenschatz et al., 2000; Quertatani et al., 2008; Ganguli et al., 2009) . Recently, a number of analyses (Park and Ryu, 2001; Vola, 2003; Zhang et al., 2006; Balmforth and Rust, 2009; Vikhansky, 2009 Vikhansky, ,2010 Turan et al., 2010; 2011a,b; 2012a,b; 2014; Hassan et al., 2013; Karimfazli and Frigaard, 2013; Darbouli et al., 2013; Kebiche et al., 2014; Balmforth et al., 2014; Yigit et al., 2015a,b) concentrated on various aspects of natural convection of yield stress fluids, which have potential applications in cryogenic storage, nuclear cooling, chemical processing and food preparation and preservation, to name a few. Such yield stress fluids flow like fluids once a critical stress (i.e. yield stress) is surpassed but act like a rigid solid below this stress.
Most magneto-and electro-rheological fluids exhibit yield stress behaviour where the yield stress can be manipulated by applying magnetic and electrical fields, respectively (Wereley, 2014 , Stangroom, 1983 . The analyses on natural convection of yield stress fluids in the existing literature can be categorised into two broad aspects. The first aspect deals with the critical temperature difference which determines the condition under which buoyancy force just overcomes the yield stress to induce flow within the enclosure, which has been extensively analysed using semi-analytical (Zhang et al., 2006; Balmforth and Rust, 2009; Vikhansky, 2009 Vikhansky, ,2010 and experimental (Darbouli et al., 2013; Kebiche et al., 2014) methods. The second aspect focuses on the effects of Rayleigh, Prandtl and Bingham (i.e. non-dimensional yield stress) numbers on the heat transfer characteristics under conditions which are far beyond the critical condition for the onset of fluid motion. This aspect is principally analysed based on semi-analytical (Karimfazli and Frigaard, 2013) and numerical (Vola, 2003; Turan et al., 2010; 2011a,b; 2012a,b; 2014; Hassan et al., 2013; Yigit et al., 2015a,b) investigations. A number of investigations belonging to the second category specifically addressed the effects of aspect ratio AR (i.e. height to length ratio= L H AR / = ) on natural convection of yield stress fluids in rectangular enclosures with different vertical wall temperatures (Turan et al., 2012b (Turan et al., ,2014 and Rayleigh-Bénard (i.e. different horizontal wall temperatures with heated bottom wall) (Yigit et al., 2015a) configurations, and the present analysis concentrates on Rayleigh-Bénard configuration of yield stress fluids following a Bingham model (Barnes, 1999) in rectangular enclosures for different wall boundary conditions. It has been recently demonstrated by Turan et al. (2014) that the wall boundary condition significantly influences the aspect ratio AR dependence of heat transfer rate and the mean Nusselt number in the case of natural convection of Bingham fluids in the configuration with different vertical wall temperatures. It is worth noting that the Rayleigh-Bénard configuration is fundamentally different from the configuration with different vertical wall temperatures because flow initiates once a finite temperature difference is induced for the configuration with different vertical wall temperatures, whereas flow initiates only when a threshold Rayleigh number is surpassed in the Rayleigh-Bénard configuration. The present authors recently analysed the aspect ratio effects on laminar Rayleigh-Bénard configuration for the constant wall temperature boundary condition (Yigit et al., 2015a) . However, a number of previous analyses (Turan et al., 2012c; 2014) ). This choice of nominal Prandtl number makes the current analysis consistent with previous analyses (Turan et al., 2012a,b; Yigit et al., 2015a,b) on aspect ratio effects. Furthermore, many yield stress fluids have a Prandtl number of the order of 100 (Turan et al., 2010; 2011a; 2012a,b) .
The remainder of the paper will be organised as follows. The mathematical background and numerical implementation pertaining to the current analysis are provided in the next two sections. Following this, results will be presented and discussed. The main findings will be summarised and conclusions will be drawn in the final section of this paper.
MATHEMATICAL BACKGROUND

Governing equations and non-dimensional numbers
The strain rate dependence of shear stress following the Bingham model (Barnes, 1999) can be expressed in tensorial form in the following manner:
γ are the components of the rate of strain tensor . γ , τ the stress tensor, τ and . γ are evaluated based on the second invariants of the stress and the rate of strain tensors respectively (in a pure shear flow), which can be defined as:
.
. (Papanastasiou, 1987) :
where m is the stress growth exponent which has the dimensions of time. The differences between the predictions of the bi-viscosity and Papanastasiou regularisations have been found to be negligible (order of typical numerical uncertainty).
The spatial co-ordinates, velocity components, pressure and temperature are non-dimensionalised in the following manner: 
Non-dimensional momentum conservation equations
Non-dimensional energy conservation equation
In Eq. 10
τ is the non-dimensional stress tensor which is given by:
The bi-viscosity model (O'Donovan and Tanner, 1984) takes the following form:
Bn
where
is the non-dimensional strain rate tensor. The quantities Ra , Pr and Bn in Eqs. 10, 11 and 13 are "nominal" (Turan et al., 2010; 2011a; 2012a,b) 
where subscript 'wf' refers to the condition of the fluid in contact with the wall, Twall is the wall temperature and ref T is the appropriate reference temperature, which can be taken to be the temperature of the hot (cold) wall respectively.
Boundary conditions
The simulation domain is shown schematically in Fig. 1 where the two horizontal walls of a rectangular enclosure are subjected to either CWT or CWHF, whereas the other boundaries are considered to be adiabatic in nature. The velocity components (i.e. 
NUMERICAL IMPLEMENTATION
The coupled conservation equations given by eqs. 9-13 have been solved in a coupled manner using the finite-volume method where a second-order central differencing scheme is used for the diffusive terms and a second-order up-wind scheme for the convective terms. The well-known SIMPLE (SemiImplicit Method for Pressure-Linked Equations) algorithm (Patankar, 1980) is used for the coupling of the pressure and velocity and the convergence criteria were set to 10 -6 for all the relative (scaled) residuals for the iterative solution method. Quertatani et al. (2008) in Table 1 . It is evident from Table 1 that an excellent agreement has been achieved between the present results and the benchmark data reported by Quertatani et al. (2008) . Furthermore, the Bingham fluid simulations have been benchmarked with respect to the results reported by Vola et al. (2003) for natural convection in square enclosures with vertical walls with different uniform temperatures and an excellent agreement (e.g. maximum deviation of mean Nusselt number Nu is of the order of 3%) has been obtained.
Interested readers are referred to Turan et al. (2010) for further discussion in this respect (e.g. see Table 5 of Turan et al., 2010) .
It is worth noting that only pure-conduction results are obtained when a quiescent initial condition is used ) and the solution essentially becomes the steady-state pure-conduction result. 
) yields (Turan et al., 2014; Yigit et al., 2015a) :
indicates that the magnitude of V is expected to decrease with increasing AR for both CWT and CWHF boundary conditions, which is consistent with the observations made from Fig. 2 . It can further be seen from eq. 17ii that the magnitude of V is expected to increase with increasing Ra for a given set of values of AR and Pr , which is also confirmed in Fig. 2 with increasing AR can be explained with the help of the energy flux integral at the vertical midplane, which is given by (Yigit et al., 2015a) :
where δ is the hydro-dynamic boundary-layer thickness on the horizontal walls. Using the continuity
) it is possible to obtain:
Equating the order of magnitudes of inertial and viscous resistance yields:
Using eq.19 in eq. 20 leads to: 
Equations 23 and Pr . The non-dimensional temperature scales as:
It has been discussed earlier (see the discussion related to eq. 22) that 
Bingham number effects
The variations of non-dimensional temperature (i.e. CWT 
Behaviour of mean Nusselt number Nu
The wall heat flux q can be scaled as: 
The correlations proposed by Turan et al. (2012a,b) possible to obtain a closed form scaling estimate for Nu in the case of CWHF boundary condition, eq. 32 can still be used for the parameterisation of mean Nusselt number following previous analyses (Turan et al., 2011a,b; 2014) . The parameters b and c are proposed in the following manner: 
It is worth noting that the correlation given by eqs. 34ii and 34iv are different from simpler correlations for the CWT and CWHF boundary conditions proposed earlier by Turan et al. (2012a,b) 
The predictions of eq. 34 are shown in Fig. 12 , which shows that this correlation satisfactorily captures the variation of max Bn for the range of Ra and AR explored here for both CWT and CWHF boundary conditions. In previous analyses (Turan et al., 2012a,b ) a less precise definition of Bnmax was used and also less refined meshes in comparison to those used here. Furthermore, the correlations by Turan et al. (2012a,b) were proposed for square enclosures for 2 10 1 . 0 ≤ ≤ Pr , whereas the correlation given by eq. 34 not only captures the current simulation data but also satisfactorily predicts the simulation data by Turan et al. (2012a,b) and is valid for The prediction of eq. 32 is shown in Fig. 11 Bn max correlations. The maximum percentage error for these correlations with respect to the simulation data is found to be about 5% for both CWT and CWHF boundary conditions. Also, it is worth noting that the predictions of eq. 34 are shown in Fig. 12 for Pr = 500 but the parameterisation of max Bn has been calibrated for a large range of Pr (i.e. 500 10 ≤ ≤ Pr ). Thus, it can be expected that the correlation of Nu given by eq. 34 is likely to be valid for a range of different Prandtl numbers. Indeed, a limited number of additional simulations have been carried out for Pr = 100, which showed that eq. 34 is able to predict Nu satisfactorily also for these cases.
CONCLUSIONS
The influences of wall boundary condition on the effects of aspect ratio AR ( Quertatani et al., (2008) for square enclosure (AR = 1) at Pr = 0.71.
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